the subject; a section on "NMethods in Environmental Medical Research" makes up the second major portion of the book; and the volume is completed by two smaller sections, of some 30 to 40 pages each, on "Some Methods of Studying Human Genetics" and the "Design and Construction of Metabolism Cages." The variety of subject-matter is greater than in previous volumes of the series, though there is much material that will have a general appeal to workers in medical research.
realized that a hypothesis which is formulated after the data have been collected and inspected has a different status from one formulated before, and tested by, the experiment. The special uncertainty which adheres to the former type of hypothesis arises from the failure to take into account the vagaries of chance. An atypical outcome may have occurred, as a result of random factors, but the hypothesis formed on inspection of this outcome will seem just as convincing as an hypothesis founded on the typical outcome. When the hypotheses are formulated, as they should be, before the experiment begins, the researcher has good protection against accepting as real a relationship that has resulted merely from chance factors. As E. Bright Wilson has put it, the research worker, like the young player of billiards, should call his shots.
A chapter is devoted to the modern type of clinical trial in which the experimental method is rigorously applied to tests of therapeutic agents on human patients; as for example in the investigation, by the Medical Research Council of Great Britain, of the value of streptomycin in the treatment of tuberculosis. The problems which arise include some that are statistical in nature. Mainland has taken a special interest in this work and writes about it in an able and clear manner. In the following chapter a contrast is drawn between such clinical trials and the type of clinical survey which is based on a retrospective examination of hospital records. The numerous difficulties encountered in this latter method are examined. In the course of the discussion reference is made to "Berkson's Fallacy," which may arise not only in these surveys of hospital records but also in any investigation where a group of hospital patients with some disease is contrasted with a control group of patients in respect to some factor, such as quantity of tobacco smoked, or possession of a second disease. The essence of Berkson's argument is that the groups examined in hospital may not give an unbiased representation of the corresponding groups in the population. The hospital groups will be biased if there is a selective factor affecting the admission of patients with the disease, as compared with those without it, and of patients with the character under study, as compared with those without it. Thus two selective factors must operate; if one were sufficient, all such investigations on hospital patients would be invalid, because the presence of the disease clearly increases the probability that a person will enter hospital. The validity of Berkson's argument cannot be questioned; but some further investigation is needed to see how important it is in practice. For instance, an association between smoking and cancer of the lung has been shown both in the earlier retrospective studies on hospital patients and also in the later studies using follow-up methods on a section of the general population. Similarly, an association between maternal rubella and congenital defects in the child has been shown by both methods. Some effort should be directed towards defining more carefully any safeguards that can provide some protection against drawing invalid conclusions from retrospective studies.
A chapter on some undesirable effects of laboratory tradition is devoted to a discussion of five fallacious uses of figures. These incorrect usages are attributed, perhaps somewhat unjustly, to the influence of training in the physical sciences. They arise in part from a failure to understand, and come to terms with, the variability which characterizes biological measurements.
An important chapter is provided on the problem of the independence of observations. It is a common mistake to regard each of, say, three measurements made on subject A as being equivalent to a single measurement made on B. Again, in chemical work, so-called duplicate measurements are often made without complete independence, so that the difference between them indicates only a portion of the error of the method. It is a reflection on the high standards usually maintained by these workers that the term "chemist's duplicates" is taken to imply that the two observations are dependent to some extent, and therefore not true duplicates at all.
There are chapters on "Confidence Limits," "Standard Deviations and Standard Errors," "Sample Sizes" and "Standards of Significance," and, in these, common statistical procedures and ideas are explained and illustrated. There is also a chapter on non-parametric tests; that is to say, tests in which, for example, ranks might be used instead of measurements. If measurements have actually been made, this results in some loss of information, but the counterbalancing gain is simplicity and avoidance of complicated assumptions such as that of normality.
This section should be supplemented by a book which describes the techniques commonly used in statistical work and which provides more numerical examples; but it is a stimulating contribution to the subject. The writing is somewhat didactic at times, and there are occasional excursions into matters of philosophy and organization which the reader may be invited to take or to leave.
The remaining three sections of the book are not examined critically in this review but the contents are given for the sake of completeness.
The section on "Environmental Medical Research" includes chapters on the "Measurement of Climatic Variables," "Respiratory Exchange," "Energy Metabolism and Metabolic Reference Standards," Radiometric Methods for Measurement of Skin Temperature," and "Measurement of Sweating." In selecting these topics a special attempt was made to concentrate on those parts of the general field that had not been previously discussed in the series.
The section on "Human Genetics" is limited to four topics which are each described by Dr. C. C. Li: "Segregation of Recessive Offspring," "The Severity of an Abnormality," "Methods for establishing the Genetic Role," and "Linkage Versus Association."
In the final section on "Metabolism Cages" there is a very extensive account of various cages used for work on rats, mice, dogs, and monkeys. There are detailed instructions for building the cages and descriptions of some special techniques for which they are used. The rapid advances in our knowledge of the endocrine system have made it increasingly difficult for even a student of a single organ to remain con-
